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But when the middle surface undergoes stretching, so that (1) is finite, while yet the circumstances of the problem forbid us to remain satisfied with terms involving the first power of h, it is a more difficult question to determine the expression for the potential energy complete to the order A3. An investigation of this problem has, however, been given by Mr Love, and his result* is exhibited in terms of <r1} <r2, -nr, and of quantities depending upon these, and upon the alterations of curvature of the middle surface.
It may, indeed, be an under-statement of the case to speak of the problem as difficult, for to all appearance it may well be impossible in the form proposed. When the middle surface is plane, or when, though originally curved, it remains imstretched, there is no difficulty in supposing that the faces are exempt from imposed force. But when the middle surface of a shell is originally curved, and undergoes extension, equilibrium cannot be maintained without the cooperation of forces normal to the shell, and acting either upon the interior or upon the faces. It is easy to understand that the precise seat of these forces may be a matter of indifference, so far as the term of the first order (1) is concerned; but is there any reason for anticipating that there would be no effect upon the term of the third order ? Rather, it would appear probable that there is no expression for the potential energy complete to the order A8, in the absence of more definite suppositions as to the manner of application of the normal forces necessary in the general case. These doubts led me to think an investigation desirable, which should be based upon the general equations of elasticity, and conducted without the aid of approximations of ill-defined significance. For this purpose I have chosen the simplest problem involving the questions at issue—that namely of the deformation in two dimensions of a shell originally cylindrical.
Taking polar coordinates, let u, vf be the displacements at the point (r, 6} parallel to r and 0 respectively. The displacement w, parallel to the axis of the cylinder, vanishes by hypothesis. The strains relative to these directions arej
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The stresses P, Q, R, S, T, U corresponding to these strains are given by
P = (m + n) e + (m — n)f,        Q = (m +n)f+(m — ri) e, ......(6)
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* Loc. cit. p. 505.
t This notation differs from that employed in my former papers,  where u denoted the displacement parallel to the axis.
} Ibbetson's Elastic Solids, 1887, p. 238. finally treated as infinitesimal), the resulting curve will have the required property, and would exhibit a possible form for complete radiation. It seems not unlikely that the law is here the same as that obtained below on the basis of (8).
